Theophylline enhances the force of diaphragmatic contraction and delays fatigue. The 
Introduction
Methyl xanthines, such as theophylline, improve the contractility of fresh diaphragm muscle, delay the onset of fatigue, and hasten the recovery from fatigue (1, 2) . These drugs are thought to affect the calcium release and/or reuptake mechanisms (3, 4) but the exact mechanism of action is unclear. Verapamil blocks the action of theophylline, but not caffeine (5) , which raises the possibility of a cell membrane site of action for theophylline.
The resting membrane potential is largely determined by the ratio of intracellular to extracellular potassium (6) . Hypokalemia has been reported in patients with theophylline overdose (7, 8) , and appeared to be due to shifts in potassium to the intracellular space, rather than external potassium loss. If such a shift occured, Receivedfor publication 13 August 1985. one would predict an increase (hyperpolarization) in resting membrane potential (Em).' To test the hypothesis that theophylline acts to hyperpolarize skeletal muscle cell membranes, we measured Em in isolated perfused hamster diaphragm muscle before and after incubation with theophylline.
Methods
Diaphragm muscles were obtained from adult golden hamsters. The animals were anesthesized using 15 mg/100 g sodium pentobarbital injected intraperitoneally. Strips 5-7 mm wide (extending from the rib to the central tendon) were excised from the lateral costal portion of the diaphragm where the fibers are most parallel. The strips were stored in Krebs solution at 0°C and bubbled with 95% 02J5% CO2.
The control studies were done in Krebs solution (Na, 1 The muscle strips were first positioned in the control solution with the rib end sutured to a fixed rod with 2-0 silk thread. The central tendon was positioned under a glass rod which acted as a fulcrum, and attached to an FT03 force transducer (Grass Instrument Co., Quincy, MA) with 2-0 silk thread. The signal from the force transducer was amplified using a preamplifier (Hewlett-Packard Co., Palo Alto, CA) and displayed on an oscilloscope (Tektronix, Inc., Beaverton, OR).
Resting membrane potentials of 15-22 fibers were measured using 3-M KCI-filled glass microelectrodes (tip resistance 10-20 megohms) which were connected to an amplifier (World Precision Instruments, Inc., New Haven, CT). The signal was displayed on the oscilloscope. Satisfactory penetration was assumed to have occurred when a sudden and sustained drop in voltage was observed. The muscle length was adjusted to the length at which twitch tension was maximal. Control measurements of resting potential and tension production were made. Force frequency curves were generated by stimulating the muscle with trains of 0.2-ms pulses at frequencies ranging from 10 to 100 pulses/s for 0.4 s. The bath was then changed to Krebs plus theophylline solution and the above measurements were repeated after 15-20 min of equilibration.
Membrane potentials in the two solutions were compared using analysis of variance. Tension production was compared using the paired (19) . iedose of theophylline used was high compared with Theophylline preparations have been shown to effect both ily used therapeutic range (10-20 /g/ml), it is a small contractility and fatiguability. Resting potential is an important vitro work. Studies in man at blood levels of 10-13 determinant of Na' channel activation and therefore the magshown an increase in transdiaphragmatic pressure nitude of the action potential. As Em decreases, Na' channel ionfatigued states and a reversal of low frequency activation decreases. However, since Na' channel activation is n given after fatigue is induced (9, 10 weeks oftreadmill training, their endurance times increased from 20-100 to 36-140 min. The resting Em of intercostal muscles was -87±5 mV before training and increased to -95±4 mV after training. Although intracellular K+ was increased, it was not sufficient to account for this degree of hyperpolarization. Na'-K' ATPase activity was also increased, raising the possibility that increased Na' permeability could also contribute to membrane hyperpolarization. In summary, addition of the theophylline to the in vitro hamster diaphragm preparation was associated with hyperpolarization ofthe resting sarcolemmal membrane. The mechanism of this is not known, but may involve increases in intracellular potassium, possibly mediated by calcium influx. It is unlikely that the theophyllin effects were mediated by pH, insulin, or catecholamines.
